We study dilepton production from a thermally equilibrating quark-gluon plasma expected to be formed in ultra relativistic heavy-ion collisions, within the color flux-tube model. We have solved the Boltzmann equation with Non-abelian features explicitly incorporated. Quark and antiquark distribution functions, used to calculate the dilepton emission rate, are defined in an extended phase space of dimension 14, in SU(3). We find enhancement of dileptons with low transverse momentum, and supression of dileptons with high transverse momentum, in comparison to the corresponding Drell-Yan productions.
One of the primary aims of the ultra relativistic heavy-ion collision experiment is to detect a new phase of matter, viz quark-gluon-plasma(QGP). It is known from lattice quantum chromodynamics that hadronic matter undergoes a transition to this quark-gluon plasma phase at very high temperatures (∼ 200MeV ) and densities [1] . While such a phase did exist in the early universe, after ∼ 10 −4 seconds of the big bang, it will be interesting if we can recreate the early universe and experimentally verify this QCD phase transition in high energy heavy-ion collisions. In the near future, the relativistic heavy ion collider(RHIC) at BNL and large Hadron Collider(LHC) at CERN [2, 3] will provide the best oppurtunity to study such a phase transition. The proposed signatures to detect quark-gluon plasma at these experiments are indirect, and the prominent ones are : 1) J/ψ supression [4] , 2) electromagnetic probes such as dilepton and direct photon production [5, 6] , and 3) strangeness enhancement [7] .
Consider for example the J/ψ supression due to screening. It has been suggested that for an equilibrated plasma J/ψ supression is a good probe [4] . There are also calculations of J/ψ suppression in the equilibrating quark-gluon plasma [8, 9] using short-distance QCD.
However the uncertainties in J/ψ formation time and quark-gluon plasma equilibration time make it difficult to compare the results with the experiments. The supression of J/ψ infact, been observed in reactions where there is no quark-gluon plasma phase, such as in p-A collisions and in collisions of light nucleus [10] . This suppression is well explained by the nuclear absorption of J/ψ [11] . Although, recently, NA50 collaboration [12] reports an excess in the supression of J/ψ, it is still not clear if a quark-gluon plasma phase has formed in this collisions. There are proposals that the data are explained by a deconfined partonic medium [13] , or by a medium with high density [14] ; but there are also other calculations which explain the data without assuming any quark-gluon plasma phase [15] . As far as the J/ψ supression in nucleus-nucleus collision is concerned, many aspects of it has to be studied in greater detail before unambigious conclusions can be drawn about the existence of quark-gluon plasma. It thus appears that there is a need to study more than one signature if one has to detect QGP. With that in mind we investigate another signature, i .e. dilepton emission.
Dileptons and single photons have long been proposed as useful probes of the plasma [6] , as once produced, they hardly interact with the strongly interacting matter and thus carry the details of the circumstances of their production. There has been, however, uncertainties in the calculation in their spectra. This is due to lack of detailed knowledge about the space time evolution of quark-gluon plasma. Recall that the various stages by which the complete evolution of quark-gluon plasma is described in URHIC are, i) pre-equilibrium, ii) equilibrium, where one actually studies the equilibrated quark-gluon plasma, iii) cooling and iv) hadronisation. The pre-equilibrium stage of the collision which leads to thermal and then chemical equilibrium has a crucial role to play. From this point of view it is necessary to study what happens to the dilepton emissions from different stages of evolution of QGP, rather than estimating it in an equilibrated quark-gluon plasma.
The rate of equilibration of quark-gluon plasma in URHIC is different for diiferent models.
One of the relevant models that describes the production and the equilibration of QGP is the color flux-tube model [18, 19, 21] . This flux-tube Model is a generalisation of the familiar Lund string model widely used for e + e − and p − p collisions [20] . Within this model, the two nuclei that undergo a central collision at very high energies are lorentz-contracted as thin plates. When these two Lorentz-contracted nuclei pass through each other they acquire a nonzero color charge (< Q >= 0, < Q 2 > = 0), by a random exchange of soft gluons.
The nuclei which act as color capacitor plates produce a chromo-electric field between them [22, 23] . This strong electric field createsand gluon pairs via the schwinger mechanism [24] which enforces the instability of the vacuum in the presence of an external field. The partons so produced, collide with each other and also get accelerated by the background field. In the case at hand, the color degree has a central dynamical role. In our recent studies we have incorporated the explicit non-abelian features in this model [16, 17] , where the usual classical phase space of coordinate and momenta is extended to include color. Note that this color charge(Q a ) being a vector obeys the Wong's equation [25] :
and supplements the Lorenz force equation
Here A aµ is the gauge potential, and f abc is the structure constant of the gauge group. The distribution function f (x, p, Q) of quark and gluon is then defined in the compact phase space of dimension 14 in SU (3). In this extended phase space the transport equation reads as [16, 17] 
Here S and C on the right hand side of equation (3) correspond to the source and collison terms respectively. The production, collision, acceleration and rotation of partons are implemented in the above transport equation. The boost invariant parameters needed are [26] τ (= √ t 2 − z 2 ), p t and ξ(= η − y), where η is the space time rapidity given by tanhη = z/t and y is the momentum rapidity given by tanhy = p z /p 0 . In terms of these boost invariant parameters the distribution function is written as f (τ, p t , ξ, Q). Within the relaxation approach, the collision term is
Here f eq is the eqilibrium distribution function, in local equilibrium which has explicit color dependence, and is given by:.
where the +(-) sign is to be taken for quarks(gluons). The source terms forand gluon pair production is obtained by the Schwinger mechanism of particle production (see [16, 17] ).
In the process where field and particles are present, the conservation of energy momentum is expressed in the form:
where T µν mat = p µ p ν (2f q + 2f q + f g )dΓdQ and T µν f = diag(E 2 /2, E 2 /2, E 2 /2, −E 2 /2). Here dΓ = d 3 p/(2π) 3 p 0 = p t dp t dξ/(2π) 2 , and dQ is the integral in the colour space. The factor 2 in the above expression is for two flavors of quarks. Equation (3) along with equation (6) is solved self consistently (description about numerical program is given in references [16, 17] ) to study the production and equilibration of quark-gluon plasma in URHIC. Here we calculate a dilepton rate using this distributions of partons.
The dominent process which produces a dilepton pair l + l − is
where γ * is the intermediate virtual photon. The dilepton emission rate dN in a space time volume d 4 x is written as
Here P µ is the four momentum of the lepton pair, with P T its transverse momentum and M T (= M 2 + P T 2 ) its transverse mass. M is the invariant mass of the dilepton pair (M 2 = P µ P µ ) and v rel = M 2 /2E 1 E 2 is the relative flux velocity of quark and antiquark pair in the above process. The distribution function of quark and antiquark is a function of the color charge Q. dQ is the integral of the the color part of the phase space. The dilepton production cross section for the above reaction is
where F q = N 2 
where
In equation (10) we have used d 4 x = πR 2 dτ τ dη (where R is the radius of the radiating region). α(= 1/137) is the coupling constant of the electromagnetic interaction.
It has been shown that the thermal dilepton rate does not depend on M and P T separately, but only on M T . This is known as M T scaling in QGP [28] . However this M T scaling is violated in an equilibrating plasma, as can be seen from equation (10) . In this case the dilepton rate depends on both M T and P T . This would also be the case if one takes the transverse expansion of the plasma into account [29] .
In our calculation we have taken R = 7f m corresponding to Au-Au collisions. We have considered two different cases corresponding to two different relaxation times, τ c = 5f m and τ c = 0.2f m. The relaxation time τ c = 5f m corresponds to collisionless limit and τ c = 0.2f m corresponds to a more realistic limit of equilibration [27] . We have calculated the dilepton rate as a function of M T for P T = 0 and 1 GeV respectively. In fig-1 we have presented the dilepton rate at τ c = 0.2f m. As can be seen from the figure, the dilepton yield becomes lesser for higher values of transverse momenta. In fig-2 we have shown our results for τ c = 5f m which corresponds to the collisionless limit. The rate at higher M T is found to be larger than that at τ c = 0.2f m. This is because the average energy per parton is higher at τ c = 5f m than at τ c = 0.2f m as observed in [17] . In the absence of any collision the partons come with higher energies than the partons with collision. The collisions among the partons drive the system towards equilibrium.
In fig-3 and fig-4 we have compared our results with the corresponding Drell-Yan predictions. The Drell-Yan results are taken from the reference [30] . It can be seen that the pre-equilibrium dilepton rate is larger than the Drell-Yan rate for very small transverse momentum. This is true for M T less than 2 GeV. For M T greater than 2 GeV, Drell-Yan production dominates over the pre-equilibrium dilepton production. For large transverse momentum of dilepton pair, the production from the pre-equilibrium phase is lesser than the Drell-Yan production in the whole range of dilepton transverse mass. This can be seen from fig-4 . This is contrary to the earlier findings [31, 32] . However the production of partons are not too hard in this model, and one expects to have such a low rate in the dilepton spectra than the Drell-Yan emission.
Summarizing the paper, we have calculated the dilepton spectra in ultra relativistic heavy-ion collisions within color flux-tube model, with Non-abelian features explicitly incorporated. We have found a smaller rate in dilepton production at high M T and P T than the corresponding Drell-Yan production. This is in contrary to earlier findings. 
